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Chapter I.
Introduction
The Problem
It has been noted by staff at the Medical University of South Carolina (MUSC) that
occasionally some neonates experience physiological compromise within several hours
of an examination for retinopathy of prematurity (ROP). More specifically, neonates who
appeared clinically stable prior to the ROP examination have exhibited signs of
bradycardia, apnea, oxygen desaturation and/or signs of feeding intolerance (increased
emesis/gastric residual) after the ROP examination.
There is little documentation in the literature of physiological compromise following
an examination for ROP. However, physiological compromise by neonates following a
stressful event, has been documented (Avery, Fletcher & MacDonald, 1994; Kenner,
Bruegegemeyer, & Gunderson, 1993; Spitzer, 1996). This study will broaden the registry
of information regarding neonates and their physiological response following an ROP
examination and will benefit future neonatal populations.
Theoretical Foundation
The model of adaptation derived from the works of Sister Callista Roy offers a
rational approach to the care provided to preterm infants. Roy's model of adaptation is
comprised of processes utilized by an individual in response to environmental demands
(Leddy & Pepper, 1989). The major concepts of Roy's Adaptation Model are illustrated
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in Figure 1: (1) the person, (2) the environment, (3) health, and (4) nursing (Roy &
Andrews, 1991).

Nursing

Health

Environment

Fi~ure

1. Roy's Adaptation Model

In Roy's Adaptation Model the person is viewed as an adaptive system. Environment,
as a component of Roy's Adaptation Model, is the source of stimuli. The neonate's
environment includes lighting, temperature, type of bed, noise, and space. Health is
viewed as a continuum with varying degrees of health and illness (Figure 2).

Illness without adaptation
Fi~ure

Illness with adaptation

2. Continuum of health and illness

Health without illness
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Health in the premature infant is demonstrated by autonomic stability and growth.
Illness in the premature infant is a deviation from the state of health and is demonstrated
by autonomic instability and poor, limited, or failure of growth. Nursing, within Roy's
Model of Adaptation, seeks to promote health through the use of adequate coping.
Inadequate coping expends energy that could be used for health promotion and wellness.
It is the nursing component that attempts to reduce factors which may lead to ineffective
coping or limit the degree of adaptation. The level of adaptation a person masters and the
input stimuli he or she receives determine the neonate's response (Figure 3).

Input

~
Responses
Adaptation
Homeostasis maintained

'f
Maladaptation

Fi~ure

3. Response to Stimuli

Physiological Compromise
Death
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In this study, input stimuli refers to the ROP examination and individual responses
refers to those changes made by the neonate which attempt to maintain the neonate's
homeostasis. These responses are termed by Roy as cognator and regulator mechanisms
of coping (Roy & Andrews, 1991). The cognator adaptive process involves psychosocial,
social, physical, and physiological factors. Consideration being given to the
developmental immaturity of the neonate, this study examines the physical and
physiological factors involved in ROP examinations.
Cognator processes involve four sub-processes: perceptual/information processing,
learning, judgement, and emotion (Roy, 1984). It is difficult to explore the influences of
cognator factors in the neonate. However, the processes ofperceptuallinformation
processing and learning lend themselves to a better understanding of Roy's Adaptive
Model as it relates to the neonate undergoing an ROP examination. For example, the
infant is exposed to the sound of its mother's voice and learns to recognize the source of
that voice.
These cognator processes receive input and produce responses which are carried out
through effectors. The modes of these effectors are 1) physiologic,
2) self-concept, 3) role function, and 4) interdependence (Roy, 1984).
Although effectors of self-concept, role-function, and interdependence are also modes
of effecting a response in an individual, assessment of these responses in the neonate are
not readily measurable as developmental maturity is not yet present. Data collected
within this study reflect physiological effectors.
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The regulator adaptive process involves input from the external environment and
changes in internal state. This input is processed through neural-chemical-endocrine
channels to produce responses (Roy, 1984). The response to external environmental
input has been documented by neonatal investigators such as Als, Barnard, Blackburn,
Long, Lucey, & Philip, (Avery et aI., 1994). Coping mechanisms of the preterm infant
may be innate or acquired. Innate, reflexive responses such as withdrawal from painful
stimuli or acquired responses such as hand to mouth (non-nutritive sucking) for self
comfort are examples of behaviors exhibited by the preterm neonate in an attempt to cope
with environmental input (Als & Gilkerson, 1995).
Developmental specialists, such as Heidelise Als, further describe the need for
developmental support of the preterm neonate as preterm infants lack the organization of
state. Heidelise Als' synactive theroy of development fosters neurobehavioral and
physiologic organization of the neonate through developmental interventions (Kenner et
aI., 1993).
Hypotheses/Research Questions
Prematurity in itself, predisposes the neonate to physiological compromise. Lack of
developmental maturation of the neonate plays a part in determining the effectiveness of
compensation following a stressful event. Several questions arise regarding the neonate
and his or her ability to recover from a compromising event. One such question is
whether there are particular procedures, treatments, or interventions that increase the
likelihood of physiological compromise in the neonate.
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Diagnostic evaluation is not without associated risks. The specific research question
is identified as : "Does the ROP examination carry a risk for physiological compromise in
the neonate?" If a relationship does exist, the particular group of neonates at risk should
be identified. This will enable the development of interventions to circumvent the
physiological compromise and/or lessen its effect.
Puwose of Study
The purpose of this master's thesis is to identify the percentage of neonates having
ROP examinations who experience physiological compromise following the ROP
examination; identify characteristics of those neonates who may be at risk for such
compromise, and determine if there is a correlation between physiological compromise
and ROP examinations in neonates.
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Chapter II
Review of the Literature
Prematurity
A preterm infant is defined as one born before 37 completed weeks gestation (Avery,
et al., 1994). The typical course of the premature infant includes the risk for a number of
compromising circumstances such as sepsis, anemia, hyperbilirubinemia, respiratory
distress, retinopathy of prematurity (ROP), and intraventricular hemorrhage (Kenner, et
aI., 1993; Avery, et aI., 1994; Spitzer, 1996). According to Gilbert & Harmon (1993)
preterm delivery causes significant neonatal morbidity and fatality. Preterm delivery
occurs in 8 - 10% of all live births and accounts for 75 - 80% of all neonatal morbidity
and mortality (Gilbert & Harmon, 1993).
Retinopathy of pematurity (ROP) is closely associated with prematurity (Flynn,
1991). ROP is an ophthalmic disease which involves an abnormal vascularization of the
eye and can cause blindness (Flynn, 1991). If ROP is detected early enough treatment
can be provided and the incidence of visual loss reduced.
Ethical principle
The ethical principle of beneficence or nonmaleficence guides the practitioner in
assuring that every effort is taken to afford each infant the right to a life lived to its fullest
(Avery et aI., 1994). However, the definition ofa full life is as individual and unique as
the infant. Although quality of life escapes a pure definition, it does include the ability to
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utilize basic, primal functions. These functions include breathing, circulatory regulation,
and maintenance of an internal homeostasis. Consequently, processing information from
external as well as internal environment assists an infant to achieve optimal functioning.
Therefore visual acuity enhances the infant's sensory input.
Homeostasis
Organisms survive through homeostasis (Meerson, 1984). Any threat ( stress) to that
organism's homeostasis will produce a physiological reaction in which the body attempts
to resist change (adaptation) to its internal environment (Meerson, 1984). Stressors may
be psychological, psychosocial, or physical (Asterita, 1985). These include physiological
stressors such as decreased oxygen supply, prolonged exercise, hypoglycemia, injuries,
and body trauma (Asterita, 1985).
The autonomic nervous system's response to stress is usually a sympathetic discharge:
increased heart metabolism, dilation of bronchioles, constriction of blood vessels,
pupillary dilation, and sometimes inhibition of peristaltic movement as blood is shunted
away from the gastrointestinal tract and blood flow to digestive organs is decreased
(Asterita, 1985). This is the fight or flight phenomenon, which is usually followed by a
parasympathetic discharge, an attempt to restore the body to normal. Mechanisms
involved in restoring the body to normal include decrease of heart metabolism,
constriction of bronchioles, dilation of blood vessels, constriction of pupils, and
relaxation of gastrointestinal sphincters and increase of peristaltic movement (Asterita,
1985).
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The maintenance of homeostasis requires that an organism adapt to the stressor. This
adaptation may be incomplete, the initial adaptation occurring as an urgent, short-term
response to change in the organism's environment (Meerson, 1984). It has been noted
that in addition to an innate ability to learn, there is an ability to respond (a given
neurobehavioral organization) already present at birth (Blackburn and VandenBerg,
1993). The exposure to events which warrant adaptation and the need for adaptation
envelops all organisms with no exception for age (the preterm infant included).
As early as the moment of conception, the organism must adapt to its external
environment for the sake of its own survival. One such example is the zona reaction,
which is the prevention of more than one spermatozoa penetrating an oocyte during the
fertilization period (Moore & Persuad, 1993). From conception to birth, the unborn fetus
attempts to maintain homeostasis through adaptation to the environment in which it lives.
The birth process brings about an array of transitions and adaptations to extrauterine
life. The newborn is assisted in the adaption of his or her thermoregulation, respiratory
function, and cardiac function, for instance. The neonate must adapt to its new
surroundings in order for survival to take place. Those functions previously controlled by
maternal mechanisms are no longer under that control. As the fetus nears a term delivery,
organ systems are continually developing, so as to be competent at birth. Once outside
the womb, as oxygen concentration is increased, the neonate readily adapts as he or she
is prompted to take a breath. The infant's stores of brown fat contribute to the infant's
maintenance of thermoregulation. The clamping of the umbilical cord and subsequent
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changes in systemic and peripheral vascular resistance yield closure of fetal shunts and an
assumption of adult circulation rather than fetal circulation.
All of the adaptations cited above are at risk of failing, leading to a lack of
homeostasis or stability of the regulatory mechanisms of the infant. It follows then, that
stress should be avoided with prevention as the key in the medical management of the
premature infant. One such intervention would be to enable a pregnancy to endure until
full term. This is not always possible and premature births still occur.
ROP Examinations
Examinations for ROP are necessary in order to safeguard an infant's sight. If its
presence is detected, ROP may be corrected by cryotherapy or laser surgery when
warranted, or in mild cases of the disease, ROP may be self-correcting (Flynn, 1991).
Lack of knowledge of the existence of a disorder prevents any intervention to correct or
lessen the effect of that disorder. Therefore, the examination for ROP is a necessity
(Flynn, 1991).
However, the examination for ROP has its disadvantages. The examination is a
complex one and includes a number of stressful events. Possible sources of stress in the
ROP examination include the administration of mydriatic drops, the introduction of the
lid speculum, positioning for the examination, restriction of oral intake, and the actual
visualization of the retina.
Hunter and Mukai (1992, p 176) make note that "care should be taken to watch for
ocular-cardiac reaction to examinations, as resuscitative measures are sometimes
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necessary ." In addition, Flynn (1991) reports the ophthalmic examination to be a
stressor for the infant.
The neonate is prepared for the ROP examination by ensuring that there has been no
oral intake for at least one hour before the examination. The restriction of oral intake is
done in order to prevent possible aspiration of stomach contents. Mydriatic-cycloplegic
drops are administered to both eyes at least twice, five minutes apart about 2 hours before
the ROP examination. The mydriatic-cycloplegic drops used are a combination of
phenylephrine and cyclopentolate. At the Medical University of South Carolina,
cyclomydril, a parasympatholytic is the mydriatic-cycloplegic of choice. CyclomydriI
contains 1% phenylephrine and 0.2% cyclopentolate (Barone, 1996). Additional
mydriatic-cycloplegic drops are used if dilation is not accomplished within the 2 hour
preparatory time.
Flynn (1991) notes that the eyes of infants with chronic lung disease do not dilate well
and require 2 or more additional administrations of 0.5% to 1.0% cyclopentolate. In
addition, Bauer, Trottier, & Stem (1973) note that the eyes of infants with dark irides do
not dilate well and may require additional mydriatic-cycloplegic drop administration for
proper visualization of ocular structures.
Adverse reactions to cyclopentolate reported in adults include respiratory depression,
abdominal discomfort, abdominal distention, vomiting, irregular pulse, bladder
distention, and grand mal seizures (Skidmore-Roth, 1996). Adverse reactions to
phenylephrine reported in adults include tachycardia, hypertension, nausea, vomiting, and
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reflex bradycardia (Skidmore-Roth, 1996). Selvin (1983), reports systemic effects of
topically applied ophthalmic medications such as phenylephrine to also include
tachycardia and systemic effects to the administration of cyclopentolate to include
progressive respiratory depression, hypotension, and cardiopulmonary side effects in
premature and small infants. Selvin (1983) recommends making physotigimine readily
available as an antidote for cyclopentolate toxicity.
Further preparation for the ROP examination involves dilation of both of the neonate's
pupils in order to visualize the retina and its vascularity. The environmental lighting is
reduced as well, to enhance this visualization. Once these preparations are completed, the
pediatric ophthalmologist places a lid speculum in one eye of the neonate, places bright
light on the infant's eyes to accentuate visualization, and the retinal examination begins.
The alternate eye is then examined for the presence of retinopathy.
Developmental adaptation
According to Blackburn and VandenBerg (1993, p. 1095) "the state of development
influences the effect of any insult". Preterm infants begin to achieve physiologic
homeostasis at about 28 to 32 weeks, as is demonstrated by decreased episodes of apnea
and bradycardia (Blackburn and VandenBerg, 1993). The premature infant is less
organized than the full-term infant and does not regulate its autonomic, motor, state, and
attentional systems easily. Responses to stimuli are varied, however, the preterm infant
tolerates only one activity at a time and may lose what stability it has gained if required
to undertake more than one activity at a time (Blackburn and VandenBerg, 1993).
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There are several signs of stress in the neonate. These include, but are not limited to,
respiratory changes (tachypnea, apnea, gasping, intermittent/periodic breathing), color
changes (dusky, pale, mottled, cyanotic), gagging, emesis, and/or bradycardia (Blackburn
and VandenBerg, 1993).
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Chapter III
Methodolo2Y
Definition of Terms
Retinopathy of prematurity (ROP) is defined as an abnormal vasculogenesis of the
retina associated with prematurity.
Procedures are defined as the performance of stressful clinical techniques on neonates
outside normal daily nursing care.
Physiolo~ical

compromise is defined as clinical alterations in normal physiological

parameters which require additional intervention. for recovery. They include an increase
within twenty four hours after the ROP exam of:
•

bradycardia by one or more episodes

•

apnea by three or more episodes

•

requires supplemental oxygen by 5% or more/saturations < 90%

•

emesis episodes or gastric residuals
Stability is defined as less than or equal to: 1) three episodes of apnea over the

infant's established baseline, 2) one episode of bradycardia over the infant's established
norm, 3) a supplemental oxygen increase of 5% or less, and 4) no increase in the
volume or number of emesis episodes or gastric residual per day over a five day interval
immediately preceding the ROP examination; as noted in the 24 hour daily nurses notes.
Normal physiological parameters are those established by the individual neonate. In this
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regard, the neonate serves as his or her own experimental control.
Compromising event is defined as apnea, bradycardia, de saturation, or emesis. A
physiologically compromising event is one which exceeds the definition of stability,
previously defined within this text. Resuscitation is defined as the administration of chest
compressions, assisted ventilation, or emergency medications for the re-establishment of
normal physiological functioning. Self- resolved response is defined as the spontaneous
recovery from a compromising event without stimulation. Stimulation is defined as the
provision of tactile contact for arousal of the neonate and return to normal physiological
functioning.
Congenital cardiac anomalies are defined as developmental deviations from normal
cardiac anatomy. These developmental deviations are noted at birth and confirmed by
pediatric cardiac specialists. Genetic anomalies are defined as a deviation of intrauterine
growth and development due to alteration in the normal genetic composition.
Chronological age is defined as the age of the newborn since birth. The chronological
age is measured in weeks. Gestational age is defined as the newborn's age since the
time of conception. Gestational age is measured in weeks and is based upon obstetrical
examination when available and/or the maternal estimated date of confinement (EDC)
which is derived from calculations using the last menstrual period. Postconceptual age is
measured in weeks and is the gestational age of the infant added to the infant's
chronological age. Prematurity (premature birth) is defined as birth occurring before 37
completed weeks gestation.
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Birthweight is defined as the weight of the infant at the time of his or her birth.
Birthweight is noted in grams.
Intrauterine ij!rowth retardation (IUGR) is defined as the failure of the fetus to reach its
growth potential. Developmental maturation is scored using a modified Ballard
examination.
Apnea is defined as the absence of spontaneous respiration for a period of time equal
to or greater than 20 seconds. Tachypnea is defined as a respiratory rate greater than 60
breaths per minute. The respiratory deviations are noted by a cardiorespiratory monitor or
auscultation or visualization by the patient caregiver.
Assisted ventilation is defined as respirations physically assisted or augmented by
mechanical means. Mechanical ventilation provided by ventilators included
synchronized or unsynchronized intermittent mandatory ventilation, assist controlled
ventilation, positive expiratory end pressure, pressure supported ventilation, continuous
positive airway pressure, high frequency positive pressure ventilators, high frequency
oscillators, and high-frequency jet ventilators. Assisted ventilation does not include
supplemental oxygen delivered by nasal cannula, hood, or isolette methods. Assisted
ventilation in this study does not include negative-pressure ventilators.
Desaturation is defined as an oxygen saturation of less than 90%. Oxygen saturation
is determined by pulse oximetry.
Bradycardia is defined as a heart rate less than 100 beats per minute. Tachycardia is
defined as a heart rate greater than 180 beats per minute. The alteration in heart rate
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(decreased/increased) is noted by a cardiorespiratory monitor or auscultation by the
patient caregiver.
Feedin~

intolerance is defined as the inability to tolerate gastrointestinal stimulation

secondary to limitations. These limitations are evidenced by emesis or gastric residual.
Emesis is defined as the regurgitation of an undigested or partially digested feeding.
Residual is defined as the retention of undigested or partially digested feeding in the
stomach, a one hour volume of undigested feeding in a continuously fed neonate or
one-half the volume of undigested feeding in a neonate fed every three hours.
Hyperthermia is defined as a skin temperature greater than 37.2° C.

Hypothermia is

defined as skin temperature less than 36.0° C. Temperatures are taken axillary.
Chi-square is a non-parametric statistic for nominal/categorical data, used to examine
expected versus actual frequencies within a group.
Wilcoxon matched-pairs

si~n

rank is a nonparametric tests analogous to the parametric

paired t -test.
Paired t-test is used to examine the correlation between 2 continuous variables within
one group. The paired t-test is used to examine events before and after the ROP exam.
Spearman's rank (Rho) is used to examine the correlation between 2 sets of ranks.
Spearman's correlation looks at ordinal variables
Physiological compromise score is a tool derived by the author to facilitate the
interpretation of data collected within this study. It stands to be subjected to tests of
reliability and validity. The score is calculated by tallying the number of physiologically
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compromising events per day and then dividing that number of physiologically
compromising events by the number of days over which these events occurred.
Research Design
This study is a quasi-experimental, retrospective, simple interrupted time-series
examination (Burns & Groves,1997; Polit & Hungler, 1993; Campbell & Stanley, 1963).
This study attempts to explore the possibility of the ROP examination having an
. association with physiological compromise noted within 24 hours of the exam.
One question to be answered through this study is whether or not a correlation exists
between physiological compromise and ROP examinations in neonates. The variables
examined within this study are (1) the examination for retinopathy of prematurity
(independent) and (2) the physiological compromise experienced by neonates following
the ROP examination (dependent).
Neonates admitted to MUSC are examined for ROP according to guidelines
established by the neonatal and ophthalmic divisions (Table 1).
Table 1.
Guidelines for Examination of the Eyes of Premature Infants
1. Infants with a birthweight less than 1500 grams.
2. Infants whose birth weight is 1500-1800 grams, and who have received
supplemental oxygen for 30 days or more.
3. Examination performed when infant reaches a corrected gestational age of 34 weeks
or 8 weeks of life (chronological).
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In an experimental study, the optimal control subject would be a neonate of
similar demographic composition (Table 2) who did not receive an ROP examination.
However, it would not be sound ethical practice to omit the ROP examination on
subjects who met the screening criteria. Omission of the ROP examination would place
the qualifying subject at an increased risk for blindness or visual impairment.
Table 2.
Demographic data and sample characteristics collected

1. Race
2. Gender
3. Birthweight in grams
4. Gestational age by date in weeks
5. Chronological age at the time of the ROP exam in weeks
6. Postconceptual age at the time of the ROP exam in weeks
7. Length of assisted ventilation in days
8. Duration of oxygen therapy in days
9. Length of xanthine use in days
10. Type of xanthine used
11. Hematocrit concentration
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The independent variable: ROP examination, and dependent variable: physiological
compromise had already been encountered. In this study the medical records of neonates
who underwent ROP examination were the actual subjects of the study. Research
material was obtained from a review of existing medical records and data. The hospital
discharge summary, progress notes, physician/practitioner order sheets, medication
administration records, laboratory records, respiratory care flow sheets, and 24 hour
nursing notes were reviewed.
Data included in the medical records were reviewed for each neonate for a period of
four days prior to, the day of the ROP examination, and one day after the ROP
examination. This was done to establish a normal pattern for each subject. The
information gathered was reviewed to determine the mean and mode of the occurrence of
events which define physiological compromise, according to this study. Parameters
measured were selected based upon clinical signs of physiological compromise as defined
within this text. These parameters included (1) apnea, (2) bradycardia, (3) desaturation,
and (4) feeding intolerance. The review of data four days prior to the ROP examination
served as a control for each subject. After establishing the subject's norm, deviations
from this normal pattern were examined on the day of the ROP examination and the 24
hour period following the ROP examination.
The individual norms were established by reviewing subject data collected within 4
days prior to the ROP examination. Each subject served as its own internal control. Day
5 was the day of the examination for ROP.
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Population and Sample
Population. The target population of this study is of neonates undergoing Rap
examinations in the United States. The accessible population refers to all neonates born
in Charleston, SC at the Medical University Hospital of South Carolina.
Samplin~

plan. The plan for sampling was to include all neonates who met the

requirements for inclusion in the study. It was estimated that 10% of the subjects studied
would experience physiological compromise. Selection of subjects entered consecutively
from January 1, 1994 through April 30, 1996 was made until at least 50 subjects were
obtained. Fifty-one subjects were actually enrolled in the study. All subjects who met the
entry criteria were included in the study. However, 5 subjects were not used in the study
because medical records were incomplete or unavailable.
Sample. The accessible population included records of all neonates admitted between
January 1, 1994 and April 30, 1996, with a birthweight of 500 - 1000 grams, who
underwent an examination for the presence of Rap. The Rap examination must have
taken place by the time the neonate reached eight weeks of life or of an adjusted
gestational age of 34 weeks (gestation at birth added to weeks of postnatal life ),
whichever came first. The resulting sample was comprised of 51 neonatal medical
records.
Samplin~

frame. The neonates were selected in the order they appeared on the

Neonatal Intensive Care Unit (NICU) census log. Once the neonate was identified from
the NICU census log by its weight and inborn patient status, the medical record was
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obtained and reviewed. Availability of the neonate's record as well as its completeness
determined the subjects participation in this study. The data collection form
(Appendix A) was completed during this review process.
Sampling criteria. No exclusion was made based on race or gender. However, in
order to reduce the introduction of confounding variables which may have caused,
masked, or aggravated the neonate's physiological compromise, exclusion criteria noted
in Table 3, applied.
Table 3.
Exclusion criteria

1. Intrauterine growth retardation (IUOR)
2. Genetic disorders (Wilson-Mikity, fragile X, etc.)
3. Cardiac anomalies (Transposition of the great vessels, etc)
4. Other procedures (diagnostic or treatment) on or within 5 days of the ROP
exam (bronchoscopy, hernia repair, tracheostomy, etc.)
5. Sedation on or within 5 days of the Rap exam
6. Neonatal transport to MUSC
7. Antibiotic therapy initiated within 3 days post- examination
8. Death

Physiological Compromise 24

A retrospective review of charts was conducted utilizing a registry of infants who
underwent an examination for retinopathy of prematurity (RaP). This registry was
obtained from the Neonatal Intensive Care Unit of the Medical University of South
Carolina (MUSC) in Charleston, South Carolina.
During review of records, data which detailed the demographics and medical/clinical
characteristics of each neonatal subject were recorded (Table 2). An occurrence of
physiological compromise within a 24 hour period constituted one day of that particular
event.
Infant stability was determined by review of the neonate's 24 hour daily nurses notes
over a 5 day interval immediately preceding the Rap exam. The fifth day was the day of
the examination. Documentation of the number of compromising events was made for
each individual neonatal subj ect.
The compromising events in the 24 hours following the Rap examination were
recorded on the data collection form. As previously described, an increase in the
occurrence of these variables (apnea, bradycardia, desaturation, feeding intolerance) as
per the 24 hour daily nurses notes constituted physiological compromise.
Instrumentation
Data were collected by the principal investigator, a neonatal nurse practitioner student.
Facilitation of this process was accomplished by utilizing the data collection form
illustrated in Appendix A.
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Human Subjects
Research material was to be obtained from review of existing medical records and
data. A waiver of consent from the IRB was requested and granted, as the research was
through a review of medical records and data did not involve direct contact,
manipulation, benefit or risk to the subject being investigated (Appendix B).
Confidentiality was safeguarded by the principal investigator and members of the thesis
committee. There was no list of subjects, identifiers, or codes which would link one to
the other.
The potential risks were negligible as the study was retrospective in nature. It
involved chart review only for the collection of data. The intent of this study was to
identify a correlation between the ROP examination and physiological compromise.
Future neonatal populations may benefit from this study.
Data Analysis Procedures
One question to be answered in this study was: "Are selected measures of physiologic
status before and after the ROP examination constant?" This question resulted in the
following hypotheses:
Null: The physiologic status of neonates is the same before and after the ROP
examination.
Alternative: The measures physiologic status of neonates show more stability before
the ROP examination than after the ROP examination.
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All test were computed with a confidence level of95%. Probability was set at an
alpha of 0.05 to decrease the chance of a type I error. Tests performed within this study
include Spearman's rank, Wilcoxon signed ranks, paired t-tests, and chi square.
Data collected were subjected to data analysis which utilized SPSS for Windows,
Release 7.0. Normal tendencies for each individual subject were obtained through
calculation of mode, mean, range, standard deviations, and medians.
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Chapter IV.
Results
Sample Description
The study population involved 51 subjects. The study sample included 17
African-American males, 14 African -American females, 10 Caucasian males, and 10
Caucasian females. Further sample characteristic description is provided in Table 4.
Table 4.
Demo~raphic

Description (n = 51)

Variable

Mean

Minimum

Maximum

SD

Birthweight (grams)

845

508

991

113.8

8

5

12

1.3

Gestational age (weeks)

26

24

31

1.62

Postconceptual age (weeks)

34

32

38

1.46

Hematocrit

28

15

44

5.4

Theophylline

8

5

13

Caffeine

13

10

15

Chronological age (weeks)

Xanthine level

Median
Ventilator days

27

0

87

19.1

Oxygen days

53

0

87

17.4
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Established Baseline
The average of the each vital sign statistic recorded once in the morning and once in
the afternoon, approximately 12 hours apart, was recorded on the data collection form
(Table 4). Baseline vital sign statistics were established by determining the mean of those
values over the 4 days preceding the ROP examination. The mean of each vital statistic
on the day of the examination (day 5) and the day after the ROP examination (day 6) was
used in analysis for the presence of increased physiological compromise. The mean of
the values which were used in determining physiological compromise are listed in Tables
5 and 6. Infants with altered physiologic status were not necessarily the same infant
before and after the examination.
Table 5.
Baseline measures of physiolo~ic stability (n =51)
Variable

Mean

Minimum

Maximum

SO

Heart rate
(after ROP exam)

162
160

143
139

183
178

9.02
9.13

Respiratory rate
(after ROP exam)

53
52

39
36

70
69

6.66
7.22

Saturations
(after ROP exam)

97
97

90
91

100
100

1.89
1.99

Physiological
Compromise Score
(after ROP exam)

1.1
0.8

0
0

6
6

1.34
1.98
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Table 6.
Baseline measures of physiolo~ic stability/differentiated physiological compromise score
(n=51)
Number of Infants with altered physiologic status
Feeding Intolerance

Before

After

1

1

14

15

Apnea

4

3

Emesis

1

1

Desaturation

12

12

Oxygen increase

N/A

Bradycardia

3

Physiological compromise score. Signs of physiological compromise: bradycardia,
apnea, emesis, and desaturations were tallied and grouped together to derive a
physiological compromise score (pcscore). In determining the pcscore, each
physiological compromising event counted as one occurrence and was equally weighted.
That is, a bradycardic episode was allotted one point as was one episode of desaturation.
In addition, varying degrees of physiological compromise received one point per
occurrence. For example, a heart rate of 75 and a heart rate of 54 both received one point.
These events were then tallied for a daily final pcscore. The pcscores were averaged over
the 4 day period prior to the ROP examination. Paired t-tests for mean pcscore and
differentiated pcscores (apnea, bradycardia, desaturation, emesis) before and after the
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ROP examination showed a statistically significant decrease in heart rate with p = .043.
The" other variables examined in the study showed no statistically significant difference (p
> 0.05), as shown in Tables 7 and 8.
Table 7.
Paired t-test Cn = 51)
Variable

Mean before exam

Mean after exam

p

Heart rate

162.4

160.0

.043

53.2

52.3

.351

1.1

0.8

.301

97.4

97.4

.896

Respiratory rate
Physiological compromise score
Saturations

Table 8.
Number of physiologically compromising eventslnumber of children (n= 51)
Episode
Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

22 III

34/14

32/14

21/13

25/12

26/15

Apnea

01 0

15/4

II 1

31 3

41 3

01 0

Emesis

01 0

II 1

010

01 0

II 1

01 0

241 12

36/12

20/9

181 11

16/11

42/12

Bradycardia

De saturations
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Nominal representation of physiological compromise (pc) before and after the ROP
examination showed no significant difference (Chi-square, p = .213). Ordinal
representation of physiological compromise (pc rank) before and after the ROP
examination showed no significant difference (Wilcoxon signed-ranks, p =.323). The
Wilcoxon matched-pairs signed rank test was used to determine if pcranks in neonates
before and after the ROP examination were equal. Ordinal representation of
physiological compromise before and after the ROP examination is shown in Table 9.
Table 9.
Ordinal representation of physiological compromise by number of neonates (n=51)

Rank

Before

After

Physiological
score

None =

0-1

34

40

Mild =

2-3

12

7

Mild-Mod =

4-5

4

3

Mod =

6+

1

1

There was little physiological compromise noted following the ROP examination.
Eighty-four percent of the study sample had a decreased or unchanged frequency of
physiologically compromising events after the ROP examination and 160/0 had increased
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physiological compromising events after the ROP examination. Correlation between
physiological compromise before and after the ROP examination was not statistically
significant as demonstrated by Spearman's correlation coefficient (rs = 0.028,
p= .422. There was an overall decreased percentage of subjects with physiological
compromise after the ROP examination as shown in Figure 4, on the following page.
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12
10

8 Number ofphysiologically
6
ComprOmising events

6

n=8

Figure 4. Physiological compromise over time

n=43
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Physiolo~ical

Compromise Sample Description

Eight subjects had pcscores greater after the ROP examination than before the ROP
examination. Five African-American males, one African-American female, and 2
Caucasian females comprised the group who experienced an increase in physiological
,compromIse.
Two sub-samples were examined for notable differences: (a) the 43 neonates who did
not experience an increase in pcscore following the ROP examination (pcscorel pcscore < 1) and (b) the 8 neonates who experienced an increased pcscore following the
ROP examination (pcscorel - pcscore > 1). A demographic description of these groups is
illustrated in Tables 10 and 11.
Table 10.
Demo~raphic

Description of Sub-sample without Physiolo~ical Compromise (n = 43)

Variable

Mean

Minimum

Maximum

SD

Birthweight (grams)
Chronological age(weeks)
Gestational age (weeks)
Postconceptual age (wks)
Postconceptual age (days)
Hematocrit
Xanthine level
Theophylline
Caffeine

837
8
26.3
34.3
55
28.3

508
5
24
30
32
15

991
12
31
38
86
43.5

118.2
1.27
1.64
1.58
9.11
5.8

8.2
12.4
Median
29
53

4.7
9.8

12.6
15

2.26
3.68

0
0

87
87

19.84
17.23

Ventilator days
Oxygen days
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Table 11.
Demo~raphic

Description of Sub-sample with Physiolo~ical Compromise (n = 8)

Variable
Birthweight (grams)
Chronological age (weeks)
Gestational age (weeks)
Postconceptual age (wks)
Postconceptual age (days)
Hematocrit
Xanthine level
Theophylline
Caffeine
Ventilator days
Oxygen days

Mean

Minimum

Maximum

887
8.5
26
34
60
27

746
5
24
32
33
24

959
11
29
37
74
32

79
1.77
1.55
12.82
12.82
2.83

7
15.3
Median
20
50

5
15.3

9
15.3

1.82
N/A

5
20

54
69

14.79
19.52

SD

The sub-sample with increased physiological compromise was about 6% heavier and
1/2 week older than the group without increased physiological compromise. There were
no other demonstrable differences between the demographic/characteristic description of
these two groups. The two sub-samples were examined for differences in baseline vital
statistics. The baseline vital statistics for these sub-samples are listed in Tables 12 and
13, on the following page.
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Table 12.
Baseline measures ofphysiolo~ic stability (n =43)

Variable

Mean

Minimum

Maximum

SD

Heart rate
(after Rap exam)

163
160

143
139

183
178

9.58
9.13

Respiratory rate
(after Rap exam)

53
52

39
36

70
69

7.18
7.52

Saturations
(after ROP exam)

97
97

90
91

100
100

1.90
2.08

1.78
0.36

0
0

6
4

1.37
0.82

Physiological
Compromise Score
(after Rap exam)

Table 13.
Baseline measures of physiologic stability ( n = 8)
Variable

Mean

Minimum

Heart rate
(after Rap exam)

161
160

156
150

172
177

5.34
9.70

Respiratory rate
(after Rap exam)

52
51

50
42

57
59

2.53
5.53

Saturations
(after Rap exam)

98
97

95
96

99
99

1.93
1.15

Physiological
Compromise Score
(after Rap exam)

0.5
3.2

0
2

2.25
6

.88
1.56

Maximum

SD
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Other than the physiological compromise score, there were no differences note is
baseline measures of physiologic stability between the two sub-samples. Differences or
similarities were sought within each sub-sample for each variable presented and are noted
in Table 14.

Table 14.
Comparison of sub-samples with/without increased physiolol:ical compromise

Variable

Birthweight
Postconceptual
days
Race
Gender

(n=8)

(n=43)

Physiological
compromIse
score
difference> 1

Physiological
compromIse
score
difference < 1

887
60

837
55

75% African
American
63% Male

58% African
American
51% Male

p

.018
.028
.081
.067

Birthweight, gender, post-conceptual age in days, race, and pcscore warrant further
analysis. The mean birthweight of the compromised group, percentage of
African-American males was greater than that of the group without change in
physiological compromise. The mean ofbradycardic episodes in the group of eight
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increased by a factor of 3 on day #4, the day preceding the ROP examination. The
combined group experienced an 18% increase in apneic episodes, a 13% increase in
bradycardic episodes, and a 16% increase in desaturations.
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Chapter V
Discussion, Conclusions, and Recommendations
Statistics
Data analysis performed within this study allows limited interpretation of results.
Overall, there was no statistical significance noted for differences between measures
before and after the ROP examination. The null hypothesis that the mean difference in
selected variables before and after the ROP examination is less than or equal to zero
cannot be rejected. These equivocal findings may have been generated by possible
threats to internal validity and external.
Internal validity
Maturation. Maturation of the subjects may have influenced the results of this study.
The events being measured as constituents of physiological compromise are also events
which may be encountered by the subjects as part of the normal development of a
premature infant. Apnea of prematurity and bradycardia of prematurity are examples of
phenomena experienced by the preterm infant which subside as the premature infant
progresses in physiological maturation. A decrease in physiological compromising
events may be a reflection of the infant's increased maturity and development rather than
as a correlation with the ROP examination (decreased pcscores after ROP examination).
Selection. In order to be included in the study, the subject must have participated in
the ROP examination. This requirement in and of itself may have resulted in a sample
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with unique characteristics from the population. However, such unique features were not
demonstrable.
The optimal control group for this study would have been the inclusion of subjects of
similar demographic composition to the experiment group but who did not undergo an
ROP examination. Such a control group would be ethically impossible.
Construct validity.

There is possibly a variable not used in this study which is a

more accurate predictor of and has stronger relationship to physiological compromise.
Statistical conclusion validity. The reliability of treatment implementation was not
controlled. This study was ex post facto, which does not allow ascertaining
standardization of treatment delivery. The ROP examination is performed by a set
protocol. Deviations may have occurred which were not reflected in the data collection,
nonetheless. For example, infants with poor response to mydriatic administration were
dosed again at the ophthalmologist's discretion. This study also employed the use ofa
pcscore, a new tool which was devised by the author to examine physiological
compromise in neonates. Validity and reliability of this tool has not yet been established.
External validity
Bias. Possible sources of bias within this study include the sample and statistics. The
sample did not include all infants who underwent an ROP examination but was limited to
the infants who met the inclusion criteria. For example, infants were included in the
study if their birthweight was 500-1000 grams although ROP examinations were
performed on infants up to 1800 grams. Characteristics and study of the entire group who
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underwent the Rap examination would have contributed to the external validity of this
study.
Clinical

Si~nificance

In determining physiological compromise, the degree or extent of physiological
compromise could be graded according to the pcscore. A difference in pcscores < -1 may
reflect a clinically significant alteration in the patient's status.
Physiological compromise was experienced by 27% of the study group after the Rap
examination. However, increased physiological compromise after the Rap examination
was experienced by 16% of the study group. Eleven percent of the study group
experienced physiological compromise which did not exceed their established baseline in
the frequency of physiologically compromising events.
A description of these subjects is similar to the study group drawn from the population
of neonates at MUSC. Evaluation of selected variables within the physiologically
compromised group showed limited similarities within the group (post-conceptual age in
days, hematocrit level, length of oxygen therapy, and birthweight, in particular).
Conclusion
Results of this study may be generalized to groups who meet the inclusion criteria
established within this study. Physiological compromise in neonates following
examination for Rap does occur. This study aids in providing further documentation of
the occurrence of physiological compromise in neonates following examination for ROP.
It is of particular interest to note that African-American males, infants with anemia,
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bronchopulmonary dysplasia, and/or low chronological age were infants who appeared to
experience an increase in physiological compromise following the ROP examination.
Recommendations
Future studies should include an evaluation of the dilation protocol for the ROP
"examination. Several authors have pointed to the fact that darker irises require more
cycloplegic mydriatic solution in order to achieve an adequate dilation of the eye for
visualization of optic structures (Bauer, Trottier, and Stem, 1973). A large percentage of
African-Americans have dark irises. This may account for the unexpected number (75%)
of African-American males who experienced physiological compromise following the
ROP examination.
This study suggest African-Americans may be at an increased risk of physiological
compromise following the ROP examination. The practice of instilling additional
mydriatic-cycloplegic drops for improved visualization of ocular structures in infants
with dark irides (a large percentage of African-Americans) may contribute to this
increased risk. Future studies which include information on the quantity of ophthalmic
drops used will be helpful in interpreting the findings.
The amount of cyclopentolate received after the initial administration is not known.
This information would be helpful in determining whether the physiologically
compromising events were in part related to the systemic effects of cyclopentolate.
Cyclopentolate has reported adverse reactions such as decreased gut motility,
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exacerbation of respiratory distress, cardiovascular, and central nervous system effects
(Drugdex, 1984).
Anemia in the premature infant has been associated with clinical signs such as apnea,
bradycardia, and failure to thrive (Avery, Fletcher, & MacDonald, 1994). Anemia also
results in a decreased oxygen carrying capacity which impacts tissue hypoxia (Spitzer,
1996). Further study which includes notation of the hematocrit on the day of the ROP
examination would provide more information about the relation of anemia on the
presence or degree of physiological compromise following the ROP examination. In this
study the hematocrit entered in sample characteristics was the most current hematocrit but
not necessarily a hematocrit on the day of the examination.
This study shows no correlation between the ROP examination and physiological
compromise. The correlation may be revealed through future studies which include the
examination of other variables or factors which may be better indicators of physiological
compromIse.
Replication of the study and further examination of the effects of procedures on
neonates which are considered stressful will allow the practitioner to provide anticipatory
guidance and intervention in clinical practice. Implications of this study include the need
to monitor the neonate for adverse reaction to any procedure or medication administration.
More information would be provided by the exmination of the alterations in the infant's
vital sign statistics as a measure of percentage over an established individual norm rather
than defining an abnormal vital statistic by a set number. This would provide more
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detailed information, especially in infant's whose baseline heart rate is already > 180 bpm,
for example. A developmental maturation screen such as the Neonatal Individualized
Developmental Care and Assessment Program (NIDCAP) performed prior to the
examination is another point to consider in future studies. According to the developmental
. ~pecialists cited within this text, infant state and organization are more stable and
increased over time. The infant of smaller gestational age and birthweight has more
opportunity to interact and respond to its environment. Developmental adaptation does
playa role in the infant's ability to respond to stress, therefore the level developmental
maturity of infant's undergoing the ROP examination needs to be examined further.
Although statistical significance was not evident in this study, the clinical significance of
physiological compromise warrants further study of physiological compromise in neonates
following examination for ROP.
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Data Collection Form
DATE OF BIRTH
1.

Race

1.

2. Gender

2.

3. Birthweight

3.

4. Gestational age

4.

5. Chronological age at time of exam

5.

6. Postconceptual age at time of exam

6.

7. Length of assisted ventilation

7.

8. Duration of oxygen therapy

8.

9. Hematocrit

9.

f

10. Xanthine Type

10.

11. Xanthine Level

11.

12. Mydriatic used

12.

13. *Bom outside

13. YIN

14. *Procedures within 5 days of exam

14. YIN

15. * IUGR

15. YIN

16. *Genetic disorders

16. YIN

17. *Cardiac anomalies

17. YIN

18. * Sedation

18. YIN

19.

* Antibiotics initiated by day

20. *Increase in 02

19. YIN
20. YIN

*Exclusions
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Data Collection Form (continued)

Day 1 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 Desaturation

Day 2 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 De saturation

Day 3 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 Desaturation

Day 4 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 Desaturation

Day 5 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 Desaturation

Day 6 HR

#1

#2 Bradycardia

RR

#1

#2 Apnea

FI

#1

#2 Emesis

SAT

#1

#2 Desaturation
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